Abstract Influence of different synthesis techniques (solid state reaction, sol-gel and co-precipitation) on the structure, microstructure, magnetic and electrical properties of polycrystalline La 0.85 K 0.15 MnO 3 (LKMO) sintered at 900°C is investigated. All the as-synthesized compounds were confirmed as single phase and hexagonal structure at room temperature. The nano-crystallite size and average grain size were increased from the sample synthesized through solid state, sol-gel and co-precipitation techniques. The electrical and magneto-transport properties of polycrystalline LKMO was relied on the synthesis method. Significant decreases in metal-insulator transition temperature (T p ) with the increment of resistivity were observed for co-precipitation synthesized sample when comparing with solid state and sol-gel synthesized samples. Magnetization was decreased while ferro-paramagnetic transition temperature (T c ) was shifted toward lower temperature from solid state synthesized sample to co-precipitation synthesized sample. Furthermore, co-precipitation synthesized sample achieved the highest negative magnetoresistance at room temperature.
Introduction
Nowadays, perovskite manganites are becoming prominent materials among researchers because they possessing colossal magnetoresistance (CMR) effect and possessed anomalous and wide range of magnetic and electronic properties as the varies of doped concentration, doped content and sintering temperature [1] . Due to this characteristic, perovskite manganites become potential candidates in the application of MR type devices such as MR sensors and read/write heads for hard disks [2] . The CMR effect usually occurs at a very narrow temperature range where the spin of the manganese ions are ferromagnetic ordering. In polycrystalline manganites, the existence of grain boundaries enhanced the low field magnetoresistance (LFMR), where large MR is observed in low magnetic field at a very wide temperature range [3] .
In LKMO system, the doping element, ion potassium (K ? ) is monovalent cation. Every amount of x doping by monovalent cation will create an amount of 2x of Mn 4? . Thus, double exchange (DE) mechanism is enhanced by using a small amount of dopants [4] . The solid solubility of monovalent cations are very narrow if compare with divalent cations [5] . For K ? , the limit of solid solubility is up to x = 0.2. Above this limit, the secondary phase of K 2 MnO 4 is appeared [6, 7] . Besides, the suitable sintering temperature for LKMO should be not more than 1,000°C due to the volatility of K ? above this temperature [8] . In the study of perovskite manganites system, most of the researchers were concentrated on the effect of dopant concentration [7, [9] [10] [11] [12] [13] , the effect of type of dopant [13] [14] [15] [16] used and the effect of sintering temperature [17] [18] [19] . It is hardly to see the discussion about the manganites synthesized by different techniques. Besides, from the studied of Rao et al. [20] and Hamadneh et al. [21] , sol-gel and co-precipitation methods could improve the homogeneity of grain distribution and lower the grain size. Hence, in this study, polycrystalline of La 0.85 K 0.15 MnO 3 (LKMO) will be synthesized through three different techniques: conventional solid state, sol-gel and co-precipitation methods. The effect of synthesized methods to the structural, microstructural, magnetic, and electrical properties of LKMO were investigated and the results were presented here.
Experimental
Bulks La 0.85 K 0.15 MnO 3 (LKMO) is synthesized by 3 different techniques, i.e., conventional solid state reaction (SS), sol-gel (SG) and co-precipitation (CP). For SS, stoichiometry amount of high purity ([99.5 %) La 2 O 3 , MnO 2 and K 2 CO 3 powders were mixed in acetone by wet milling process. The wet powders were then dried, ground and calcined at 800°C for 12 h. Then, the powders were reground, sieved and pressed into pellet forms and finally sintered in air at 900°C for 24 h. The sample preparation is similar with Lim et al. [14] .
In SG route, high purity of La 2 O 3 , MnO 2 and KNO 3 powders in molar ratio of (La:K:Mn = 0.85:0.15:1) were dissolved in dilute nitric acid. Then, citric acid was added and the transparent mixture was stirred for 2 h at 70°C. Ethylene glycol was then added into the mixture and heated at 170°C until a gel is formed. The gel was further decomposed to get a dry fluffy mass. This fluffy mass was ground and calcined at 700°C for 12 h. The obtained powders was reground and pressed into pellets. Finally, pellets were sintered in air at 900°C for 24 h [19] .
The starting materials for CP process are high purity of La(CH 3 COO) 3 Á1.5H 2 O, Mn(CH 3 COO) 2 Á4H 2 O and KNO 3 powders. First, the weighed powders were mixed in dilute acetic acid at a mild heating. After all powders were dissolved, temperature of the mixture is cooled down below 10°C. Then, the mixture was slowly poured into an aqueous solution where distilled water and iso-propanol mixed together with oxalic acid below 10°C. The precipitate was filtered and then dried overnight in oven at 100°C. The dried filtrate was ground into powders and calcined at 800°C for 12 h. After that, calcined powder was reground and pressed into pellets and finally sintered at 900°C for 24 h in air.
All the samples were characterized by X-ray diffraction (XRD) with Cu Ka radiation at room temperature. Surface morphology of LKMO samples was studied by using field emission scanning electron microscope (FESEM). Electrical resistivity was investigated by conventional four point probe method in the temperature range of 100-300 K. Room temperature magnetization was measured by using vibrating sample magnetometer (VSM, LakeShore 7400). AC susceptibility measurements were done by using CryoBIND-T system, SR830 lock-in-amplifier in the temperature range of 200-350 K and frequency 240 Hz. Finally, magnetoresistance measurements were carried out inside liquid nitrogen cryostat, to measure the resistance change under an external field up to 10 kG at room temperature.
3 Results and discussions Figure 1 showed the room temperature XRD patterns of LKMO powders synthesized by SS, SG and CP methods. All of the samples are revealed to have pure LKMO phase in hexagonal perovskites structure and having similar patterns with ICSD standards (ICSD Reference Code: 98-005-3701).
Data from XRD patterns were further analyzed by Rietveld refinement techniques and the structural properties are shown in Table 1 . The crystallite size was estimated by using Scherrer formula [16] t ¼ Kl=b cos h where t is the mean size of crystalline domains, K is the grain shape factor (K = 0.89 for spherical grain, k is the wavelength of CuKa radiation (k = 1.5406 Å ), b is the broadening line at full-width half-maxima (FWHM) of the main peak subtracting by SiO 2 standard.
SS obtained larger crystallite size (40.5 nm) when compare with SG (38.3 nm) and CP (32.1 nm). This is due to SS had the lowest FWHM value and achieved better crystallinity if compared with CP and SG [22] . The uncertainty of the estimated crystallite size for all 3 samples is ±2.5 9 10 -3 nm. Fig. 1 Powder X-rays diffraction patterns of LKMO powders prepared by SS, SG and CP method FESEM images of bulk samples are presented in Fig. 2 . The average grain size was estimated by measuring 100 grains from FESEM micrographs of each sample. Box plots were sketched (Fig. 3) to display the grain size distribution of the samples. The mean showed inside the box plots represented the average grain size of the samples. The average grain size of SS, SG and CP samples are *139, *122 and *100 nm, respectively. The result attained was consistent with the crystallite size. From Fig. 2 , it is clearly to see that the SS had wide range of grain size distribution, from 40 nm to 280 nm. Furthermore, some of the grains were coalesced to become coagulate grains. SG sample had achieved better homogeneity grains if compared to SS sample and CP sample since the grain size distribution is more consistent. CP sample had achieved smallest average grain size, thus it had the largest number of grain boundaries.
The magnetic properties of polycrystalline LKMO samples were greatly affected by their own microstructures. The magnetization (M-H) curves as the function of applied magnetic field for SS, SG and CP samples are shown in Fig. 4 . It was observed that all the samples exhibit ferromagnetic ordering behavior at room temperature. The SS sample obtained highest value of magnetization while CP sample obtained the lowest value of magnetization. This result can be explained by the average grain size of the three samples. The increase of average grain size increased the magnetization values. This is because the grain boundaries, which act as magnetic disorder layers, were decreased as the average grain size of the sample was increased. As a result, CP sample displayed the weakest ferromagnetic ordering. Thus, it has the lowest value of magnetization, coercivity and retentivity (Table 2 ). Figure 5 displayed the temperature dependence of normalized AC susceptibility (v-T) curves of LKMO samples. Ferro-paramagnetic transition temperature (T c ) was verified from the peak of the dv/dT and the results obtained were Table 1 , the Mn-O-Mn bond angle is slightly decreased and the Mn-O bond length and unit cell volume are increased from SS sample to SG sample and then CP sample. Thus, the degree of Jahn-Teller (JT) distortion is enhanced and weaker the DE interaction, resulting in the degradation of ferromagnetic properties and the reduction of T c .
The resistivity (q) curves as a function of temperature for LKMO samples are displayed in Fig. 6 . The resistivity in the entire temperature range (100-300 K) increases from SS to SG and then CP samples. The resistivity at room temperature is 0.103, 1.09 and 9.38 X cm for SS, SG and CP samples, respectively. The elevation in resistivity is nearly tenfold from SS to SG and another tenfold from SG to CP. On the other hand, metal-insulator transition temperature (T p ) for both SS and SG samples is 289 K while 258 K for CP sample. Resistivity and T p are extrinsic properties are strongly depends on the synthesis condition and presence of grain boundaries in microstructure [24] . The existence of the grain boundaries is the factor that affects the transport properties of polycrystalline samples. Grain boundaries acts as the insulating region (non magnetic phase) that could suppress the connectivity of the samples [25, 26] . Hence, the increase of number of grain boundaries from SS to CP enhanced the insulator properties of LKMO, where the resistivity is increased alongside with the lowering of T p . Figure 7 showed the field dependence of magnetoresistance (MR) curves at room temperature for various synthesized LKMO samples. MR is defined in ratio percentage, with the formula of MR (%) = [(q H -q 0 )/ q 0 ] 9 100, where q 0 and q H are the resistivity values at zero field and applied fields, respectively. The application of the external field can align some of the electron spins at the grain boundaries; this alignment is enhanced when the external field increases. Thus, the resistivity will decrease and we can observe the MR is increased for the 3 samples as the applied field increase from 1kG to 10kG. All the samples did not achieved MR saturation with the magnetic field up to 10kG, which mean higher field is needed to fully align the spins [14] . CP sample obtained the highest MR values among others. CP sample had largest resistivity dropped when comparing with SS and SG due to the largest number of grain boundaries (which act as disorder) and thus enhanced the spin polarized tunneling [27] . Besides, SS had larger MR dropped when comparing with SG. This is contradicting as SG exhibits lower average grain size then SS and it should have higher number of grain boundaries. This may be due to that SS contained high degrees of coagulated grains in the microstructure. Some disorder layers may form around the coagulated grains and this would also enhance the spin polarized tunneling when the magnetic field is applied. Resistivity decreased while magnetization increased as we moved from co-precipitation synthesized sample to solid state synthesized sample. Besides, T p and T c shifted toward lower temperature from co-precipitation synthesized sample to solid state synthesized sample. It was also examined that co-precipitation synthesized sample exhibited highest MR at room temperature, due to enhancement of spin polarized tunneling by the largest grain boundaries contribution. 
